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(54) Optical transmitter circuit 

(57) An optical transmitter circuit including a light 
receiving element, such as a photodiode, which moni- 
tors the optical output of a light emitting element such as 
a semiconductor laser. A current-voltage converting cir- 
cuit supplies a drive current from a drive circuit to the 
light emitting element and converts the output voltage of 
the light receiving element into voltage. An APC ampli- 
fier compares the converted output signals and a refer- 
ence signal, and a hold circuit holds the output signal of 
the APC amplifier and uses the output signal as a cur- 
rent control signal of the drive circuit. A "1" continuous 
signal detecting circuit detects the continuation of "1" in 
a specified number of bits in the input data (DATA) and 
updates the hold value in the hold circuit 
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Description 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application is based upon and claims 
priority of Japanese Patent Application No. 11-75025, 
filed March 19, 1999, the contents being incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] The present invention relates to an optical 
transmitter circuit which enables reliable monitoring of 
optical signals generated by a light emitting element, 
such as a semiconductor laser, with a comparatively 
inexpensive light receiving element, such as a photodi- 
ode. More particularly, the present invention relates to 
an optical transmitter circuit having a circuit to detect 
continuous "1" bits in the input data in order to perform 
update timing of a current control signal or deterioration 
evaluation of the light emitting element. 

2. Description of the Related Art 

[0003] Optical transmitter circuits are known. FIG. 
1 3 illustrates an example of a conventional optical trans- 
mitter circuit, including a light emitting element 101 such 
as a semiconductor laser, a light receiving element 102 
such as a photodiode to monitor light, a current-voltage 
convener (l/V) 103, an auto power control (APC) ampli- 
fier 104, a drive circuit 105, a sample hold circuit 106, 
and an analog switching circuit 107. 
[0004] In operation of the conventional optical 
transmitter circuit shown in FIG. 13, the drive circuit 105 
supplies drive current to the light emitting element 101 
in accordance with input data (DATA). An optical signal 
is generated by the light emitting element 101 in accord- 
ance with the input data (DATA). The optical signal is 
detected by the monitoring light receiving element 102, 
converted into voltage by the current-voltage converting 
circuit 103, and input into the APC amplifier 104. The 
APC amplifier 104 compares the output signal of the 
current-voltage converting circuit 103 and a reference 
value, and inputs a signal corresponding to the compar- 
ative differential thereof into the sample hold circuit 106 
via the analog switching circuit 107. 
[0005] The analog switching circuit 1 07 receives the 
output signal of the APC amplifier 104 when the data 
(DATA) converted to optical signals is transmitted at 
level "1", which output signal is input and held in the 
sample hold circuit 106. The held signal is input into the 
drive circuit 105 as a current control signal, and the 
drive current of the light emitting element 101 is control- 
led so that the optical output remains constant. 
[0006] FIGS. 14A-14D are diagrams explaining the 
operation of the conventional example of the optical 



transmitter circuit shown in FIG. 13. More specifically, 
FIG. 14A illustrates the data (DATA) input to the drive 
circuit 105; FIG. 146 illustrates the optical output signal 
of the light emitting element 101; FIG. 14C illustrates 
5 the output signal of the current-voltage converting cir- 
cuit 103; and FIG. 14D illustrates the drive current sup- 
plied to the light emitting element 101 . 

[0007] In the example shown in FIGS. 14A-14D, 
when the optical output signal of the light emitting ele- 

10 ment 101 corresponding to the data (DATA) that is input 
at time t1 decreases, as indicated by the OUTPUT 
DETERIORATION in FIG. 14B, the output signal of the 
current-voltage converting circuit 103 also decreases, 
as shown in FIG. 1 4C. The decreased output signal of 

is the current voitage converting circuit 1 03 is held by the 
sample hold circuit 106 via the analog switching circuit 
107, and a drive current is supplied to the light emitting 
element 101 from the drive circuit 1 05 as a current con- 

♦ 

trd signal corresponding to the data (DATA) that is input 
20 at the following time t2. More particularly, as shown in 
FIG. 14D, since the drive current corresponding to the 
data (DATA) that is input at time t2 is increased more 
than the drive current corresponding to the data (DATA) 
input at time t1 , the optical output signal is controlled to 
25 a specified level, as indicated by the OUTPUT RECOV- 
ERY of FIG. 14B. 

[0008] Furthermore, a circuit is known in which sta- 
bilization of the optical output is achieved by converting 
the output current of the light receiving element, which 

30 converts the optical output of the light emitting element, 
into voltage with a current-voltage converting circuit. 
When the converted optical output of the light emitting 
element reaches a specified level or above, the circuit 
determines the output to be a significant detection sig- 

35 nal, holds it as a sample, and controls the drive current 
of the light emitting element in accordance with the held 
value. An example of this type of circuit is disclosed in 
Japanese Unexamined Laid-Open Patent Application 
Publication JP9-18054, wherein the input data is 

40 delayed and is considered to be a significant detection 
signal, and the output signal of the current-voltage con- 
verting circuit at this time is held as a sample. 
[0009] When data (DATA) that is input is increased 
in speed, e.g., from a low speed of 50 Mbps to 150 

45 Mbps, the light emitting element 101 has sufficient 
response speed since the light emitting element 101 is 
generally a semiconductor laser. However, a photodi- 
ode is generally used as the light receiving element 1 02. 
Because the photodiode has an increased surface area 

so in order to increase the light receiving sensitivity, the 
capacitance C PD of the photodiode is generally, for 
example, 20 pF or above. Accordingly, when the cur- 
rent-voltage converting circuit 103 includes a resistance 
R, the band region f Q is determined by the equation 

55 f o - wRC PD , so it is extremely difficult to broaden 
the band. In other words, when a comparatively inex- 
pensive photodiode is used as a light receiving element 
102 to monitor the light emitting element 101, the 
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response characteristics are not sufficient to detect an 
optical signal having a high speed of 1 50 Mbps or more. 
[0010] FIGS. 15A-15D are diagrams illustrating 
problems occurring with the APC amplifier 1 04 opera- 
tion in accordance with the conventional optical trans- 
mitter circuit. More specifically, FIG. 15A illustrates the 
data (DATA) input to the drive circuit 105; FIG. 15B illus- 
trates the optical output signal of the light emitting ele- 
ment 101; FIG. 15C illustrates the output signal of the 
current-voltage converting circuit 103; and FIG. 15D 
illustrates the drive current supplied to the light emitting 
element 101 . When the input shown in FIG. 15A occurs, 
the sample hold circuit 106 samples and holds the out- 
put signal of the APC amplifier 104 when the data 
(DATA) has been input. At this time, since the response 
speed of the light receiving element 102 is lower than 
the speed of the input data (DATA), the output signal of 
the current-voltage converting circuit 103 changes, as 
shown in FIG. 15C. 

[0011] Moreover, the current control signal corre- 
sponding to the value that has been sampled and held 
is updated at the times t1 , t2,.t4, and t6, as indicated by 
the arrows showing the CURRENT UPDATE VALUE in 
FIG. 15, and the drive current supplied to the light emit- 
ting element 101 from the drive circuit 105 is updated. 
Accordingly, the output signal of the current-voltage 
converting circuit 103 resulting from the monitoring of 
the optical output produced by the light receiving ele- 
ment 102 in response to an initial input value of 'T 
becomes equal to or less than the set value indicated by 
the broken line at the time t1 in FIG. 15C. Because this 
output signal of the current-voltage converting circuit 
1 03 is sampled and held, it is judged to be a lower opti- 
cal output than a specified level, and the drive current 
supplied to the light emitting element 101 for the next 
continued data value of "1" increases, as shown in FIG. 
15D. Accordingly, the optical output signal of the light 
emitting element 101 at this time becomes greater than 
the initial optical output, as shown in FIG. 15B. 
[001 2] In this state, at the following time t3, the drive 
current corresponding to the input data (DATA) "1" is 
supplied to the light emitting element 101. At this time, 
even if the optical output of the light emitting element 
1 01 exceeds the specified level, the output signal of the 
current-voltage converting circuit 103 is lower than the 
set value at time t4 because of the response speed of 
the light receiving element 102, as shown in FIG. 15C. 
By sampling and holding the output signal of the cur- 
rent-voltage converting circuit 103, the drive current 
with respect to the input data (DATA) "1 " at the next time 
t5 is further increased, as shown in FIG. 15D. 
[0013] Monitoring the level of the output signals of 
the current-voltage converting circuit 103, and deter- 
mining whether there is deterioration of the light emitting 
element 101 when this level falls below a specified value 
has been considered. However, since the response 
speed of the light receiving element 102 is insufficient 
as described above, there is a problem that a drop in the 



optical output level of the light emitting element 101 can 
be mistakenly assumed. 

[0014] The above-described problem occurs when 
a photodiode which does not have a small capacitance 

5 is used as the light receiving element 102 in performing 
APC control. For this reason, the selection and use of a 
photodiode having a capacitance Cpd of 2pF or less as 
the light receiving element 102 has been considered. 
However, this type of photodiode is extremely expen- 

10 sive. Photodiodes having high-speed response charac- 
teristics are also expensive. Thus, it has been extremely 
difficult to achieve cost reduction in the optical transmit- 
ter circuit which performs stabilization of the optical out- 
put and detection of deterioration in the optical signals 

is with respect to high-speed data. 

SUMMARY OF THE INVENTION 

[001 5] It is an object of the present invention to pro- 

20 vide an optical transmitter which achieves stabilization 
of the optical output and thus enables a reliable detec- 
tion of deterioration of a light emitting element, even 
when a photodiode which does not have a small capac- 
itance is used as a light receiving element. 

25 [0016] Objects and advantages of the present 
invention are achieved in accordance with embodi- 
ments of the present invention with an optical transmit- 
ter circuit comprising a light emitting element to convert 
input data to an optical output; a light receiving element 

30 to receive the optical output of the light emitting element 
and to output a current corresponding to the optical out- 
put; a current-voltage converting circuit to convert the 
output current of the light receiving element into a volt- 
age and to output a voltage signal; an APC amplifier to 

35 compare the output voltage signal of the current -vohage 
converting circuit and a reference signal and to output a 
differential output signal; a hold circuit to hold the output 
signal of the APC amplifier and to form a current control 
signal; a drive circuit to receive the current control signal 

40 from the hold circuit and to supply drive current to the 
light emitting element in accordance with the current 
control signal; and a "1" continuous signal detecting cir- 
cuit to detect a specified number of continuous of "1" 
bits in the input data and to perform an updating opera- 

45 tion on the output signal of the amplifier held in the hold 
circuit. 

[0017] In accordance with embodiments of the 
present invention, the hold circuit may comprise an ana- 
log switching circuit to receive the output signal of the 

50 amplifier and a detection signal of the "1" continuous 
signal detecting circuit, and to switch on in response to 
the "1 " continuous signal detecting circuit detecting the 
specified number of continuous T bits; and a peak 
detecting circuit to detect and hold a peak value of the 

55 output signal of the AC amplifier that is input via the 
analog switching circuit. 

[0018] The optical transmitter circuit may further 
comprise a peak detecting circuit to detect a peak value 
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of the output signal of the current-voltage converting cir- 
cuit and to input the peak value to the amplifier. 

[0019] The optical transmitter circuit may further 
comprise a first peak detecting circuit to detect a peak 
value of the output signal of the current-voltage convert- s 
ing circuit and to output the peak value to the amplifier; 
and a second peak detecting circuit to detect a peak 
value of the input data and to output the peak value of 
the input data to the amplifier as a reference value. 
[0020] In accordance with embodiments of the 10 
present invention, the hold circuit may comprise an 
up/down counter to count up or down corresponding to 
an output signal of the amplifier, in response to the "1" 
continuous signal detecting circuit detecting the speci- 
fied number of continuous "1 " bits; and a D/A converter is 
to convert the contents of the count of the up/down 
counter to an analog signal and to input the contents of 
the count of the up/down counter to the drive circuit as 
an analog current control signal. 
[0021] Objects and advantages of the present 20 
invention are achieved in accordance with embodi- 
ments of the present invention with an optical transmit- 
ter circuit, comprising a light emitting element to convert 
input data into an optical output; a light receiving ele- 
ment to receive the optica! output of the light emitting 25 
element and to output a current corresponding to the 
optical output; a current-voltage converting circuit to 
convert the output current of the light receiving element 
into a voltage and to output a voltage signal; a light dete- 
rioration detecting comparator to detect deterioration in 30 
the light emitting element by comparing the output sig- 
nal of the current-voltage converting circuit with a refer- 
ence value and to output a deterioration detection 
signal; a "1" continuous signal detecting circuit to detect 
a specified number of continuous "1 " bits in the input 35 
data; and a flip-flop to hold the deterioration detection 
signal from the light deterioration detection comparator 
in accordance with the detection signal from the "1 " con- 
tinuous signal detecting circuit. 

[0022] In accordance with embodiments of the 40 
present invention, stabilization of the optical output of 
the light emitting element and detection of deterioration 
of the light emitting element can be performed. Further- 
more, in accordance with embodiments of the present 
invention, stabilization of the hold value of the hold cir- 45 
curt or evaluation of light emitting element deterioration 
is performed by delaying the detection signal from the 
"1" continuous signal detecting circuit by a delay circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 50 

[0023] The above and other objects and advan- 
tages of the present invention will become apparent and 
more readily appreciated from the following description 
of the preferred embodiments, taken in conjunction with 55 
the accompanying drawings, of which: 

FIG. 1 is a block diagram of an optical transmitter in 



accordance with a first embodiment of the present 
invention. 

FIG. 2 is a circuit diagram of the optical transmitter 
in accordance with the first embodiment of the 
present invention. 

FIG. 3A-3D are diagrams explaining the operation 
of the optical transmitter in accordance with the f irst 
embodiment of the present invention. 

FIG. 4 is a block diagram of an optical transmitter in 
accordance with a second embodiment of the 
present invention. 

FIG. 5A-5D are diagrams explaining the operation 
of the optical transmitter in accordance with the 
second embodiment of the present invention. 

FIG. 6 is a block diagram of an optical transmitter in 
accordance with a third embodiment of the present 
invention. 

FIG. 7 is a block diagram of an optical transmitter in 
accordance with a fourth embodiment of the 
present invention. 

FIG. 8 is a diagram of a delay circuit in accordance 
with embodiments of the present invention. 

FIG. 9 is a block diagram of an optical transmitter in 
accordance with a fifth embodiment of the present 
invention. 

FIG. 10 is a diagram of a "1" continuous signal 
detecting circuit in accordance with embodiments 
of the present invention. 

FIG. 11 is a block diagram of an optical transmitter 
in accordance with a sixth embodiment of the 
present invention. 

FIG. 12 is a block diagram of an optical transmitter 
in accordance with a seventh embodiment of the 
present invention. 

FIG. 13 is a block diagram of a conventional optical 
transmitter. 

FIGS. 14A-14D are diagrams explaining operation 
of the conventional optical transmitter. 

FIGS. 15A-15D are diagrams explaining the prob- 
lems of APC operation in the conventional optical 
transmitter. 
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DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0024] Reference will now be made to the present 
preferred embodiments of the invention, examples of 
which are illustrated in the accompanying drawings, 
wherein like reference numerals refer to like elements 
throughout. 

[0025] FIG. 1 is a block diagram of an optical trans- 
mitter in accordance with a first embodiment of the 
present invention. As shown in FIG. 1 , the optical trans- 
mitter includes a light emitting element 1 such as a sem- 
iconductor laser, a light receiving element 2 such as a 
photodiode, a current-voltage converting circuit (l/V) 3, 
an APC amplifier 4, a drive circuit 5, a sample hold cir- 
cuit 6, an analog switching circuit 7, and a "1" continu- 
ous signal detecting circuit 8. 
[0026] The light receiving element 2 is a photodiode 
to monitor the output current of the light emitting ele- 
ment 1 . In accordance with the present invention, the 
light receiving element 2 is preferably a photodiode 
which does not have a small capacitance. For example, 
the capacitance of the light receiving element 2 photodi- 
ode may be 20 pF, or approximately 20 pF. TTie moni- 
tored output of the light emitting element 1 produced by 
the light receiving element 2 is a current which is con- 
verted to voltage by the current-voltage converting cir- 
cuit 3. The voltage output by the current-voltage 
converting circuit 3 is then compared with a reference 
value by the APC amplifier 4, and the differential output 
signal of the APC amplifier 4 is input to the sample hold 
circuit 6 via the analog switching circuit 7. The value 
held by the sample hold circuit 6 is then input to the 
drive circuit 5 as a current control signal. Furthermore, 
the "1" continuous signal detecting circuit 8 detects the 
continuation of a bit value of "1 " in the data (DATA) input 
to the drive circuit 5. When it is detected that several "1 " 
bits have been generated continuously, the analog 
switching circuit 7 is switched on, and the output signal 
of the APC amplifier 4 is input and held in the sample 
hold circuit 6. 

[0027] Therefore, in accordance with embodiments 
of the present invention, even when a light receiving ele- 
ment 2 having a slower response speed than the speed 
of the input data (DATA) is used, because the light emit- 
ting element 1 converts to continuous optical signals in 
response to the detection of continuous "1" bits, the 
monitored output of the light receiving element 2 is also 
gradually increased to a specified value. The continu- 
ous number of "1 " bits that is detected to increase the 
output of the light receiving element 2 to the. specified 
value is a predetermined number set in advance, and 
the output signal of the APC amplifier 4 when "1" has 
been detected in the predetermined number of continu- 
ous bits is held in the sample hold circuit 6. Therefore, if 
the light receiving element 2 is a photodiode which does 
not have a small capacitance, the stabilization of the 
optical output can be achieved in accordance with the 



output signal of the APC amplifier 4. Moreover, if the 
hold value of the sample hold circuit 6 falls below a set 
value, it can be determined that there has been deterio- 
ration in the light emitting element 1 . 

5 [0028] In accordance with embodiments of the 
present invention, a default value is set as an initial sta- 
tus of the sample hold circuit 6, and a default value of 
the current control signal can thereby be input to the 
drive circuit 5. The default value can be updated by a 

10 continuous "1 " bit detection, as described above. 

[0029] FIG. 2 is a circuit diagram of the optical 
transmitter in accordance with the first embodiment of 
the present invention. As shown in FIG. 2, Q1 through 
Q9 are field effect transistors (FETs), and Q7 and Q8 

15 represent depression type field effect transistors. Here- 
inafter, the FETs are referred to simply as transistors. 
C1 and C2 are capacitors, D1 through D7 are diodes, 
R1 through R6 are resistors, CI1 through CI4 are con- 
stant-current supplies, Vqq and Vss are power voltage, 

20 V REF is a reference voltage, and G1 a complementary 
output gate circuit. 

[0030] As shown in FIG. 2, the current-voltage con- 
verting circuit 3 is comprised of a resistor R6. The out- 
put current of the light receiving element 2 

25 corresponding to the optical output of the light emitting 
element 1 is converted to voltage by the resistor R6, 
input to the APC amplifier 4, and compared with the ref- 
erence voltage V REF The differential output signal of the 
APC amplifier 4 is input to the sample hold circuit 6 via 

30 the analog switching circuit 7. 

[0031] The sample hold circuit 6 is preferably a 
peak detection circuit comprising a diode D7 and 
capacitor C2. The sample hold circuit 6 inputs the termi- 
nal voltage of the capacitor C2 to the gate of the transis- 

35 tor Q7 of the drive circuit 5 as a voltage control signal. 
[0032] As shown in FIG. 2, the "1 " continuous signal 
detecting circuit 8 is comprised of a constant-current 
supply CI4, a transistor Q9, and a capacitor C1. The 
transistor Q9 is switched on in accordance with a "1 " bit 

40 in the input data (DATA), and the capacitor C1 is 
charged from the constant current supply CI4. Transis- 
tor Q9 is switched off in accordance with "0" bit in the 
input data (DATA). When the transistor Q9 is switched 
off, the capacitor C1 discharges via analog switching 

45 circuit 7, or alternatively via a pathway not shown in the 
drawing. 

[0033] In accordance with the first embodiment of 
the present invention, the discharge time constant of the 
capacitor C1 is set corresponding to the transmission 

so speed of the input data (DATA), and the capacitor C1 is 
structured to discharge to under a specified value at 
least within a 1-bit interval of a "0." When a "1/ has con- 
tinued in the input data for two (2) bits or longer, the ter- 
minal voltage of the capacitor C1 exceeds the specified 

55 value and is input to the analog switching circuit 7 as a 
detection signal via a gate circuit or the like (not shown 
in the figure), thereby switching on the analog switching 
circuit 7. 
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[0034] In accordance with embodiments of the 
present invention; the analog switching circuit 7 com- 
prises a field effect transistor (FET), and the terminal 
voltage of the capacitor C1 is applied to a gate thereof 
so that the field effect transistor is switched on when the 
terminal voltage of the capacitor C1 exceeds a specified 
level. The "1" continuous signal detecting circuit 8 may 
also operate such that the terminal voltage of the capac- 
itor C1 is made to exceed the specified value when "1" 
has continued for three (3) bits or more, and the analog 
switching circuit 7 is switched on only when "1 ,' has con- 
tinued for three (3) bits or more. 

[0035] Moreover, the drive circuit 5 includes a gate 
circuit G1 into which data (DATA) is input, and output 
signals from a non-inverted output terminal of the gate 
circuit Q1 are input to the gate of the transistor Q1 . Out- 
put signals from the inverted output terminal of the gate 
circuit G1 are input to the gate of the transistor Q2. The 
transistors Q1 and Q2 make up a differential circuit in 
conjunction with a constant-current supply CM , which is 
commonly connected to the source of transistors Q1 
and Q2. A level conversion circuit, formed by transistors 
Q3 and Q4 and constant-current supplies CI2 and CI3, 
inputs level-converted signals to the gates of transistors 
Q5 and Q6, inputs a current control signal to the transis- 
tor Q7 which is commonly connected to transistors Q5 
and Q6, and controls the current value supplied to the 
light emitting element 1 via the transistor Q6. Further- 
more, the bias current of the light emitting element 1 is 
applied via the transistor Q8 in accordance with the set- 
ting of the resistor R5. 

[0036] FIGS. 3A-3D are diagrams explaining the 
operation of the optical transmitter in accordance with 
the first embodiment of the present invention. More spe- 
cifically, FIG. 3A illustrates data (DATA) input to the opti- 
cal transmitter, FIG. 3B illustrates the optical output 
signal of the light emitting element 1 , FIG. 3C illustrates 
the output signal of the current-voltage converting cir- 
cuit 3, and FIG. 3D illustrates the drive current supply to 
the light emitting element 1 . As shown in FIG. 3 A, when 
a "1 " bit is input continuously at time to and at the follow- 
ing time t1 , even when the output signal of the current- 
voltage converting circuit 3 does not increase to the set 
value (indicated by the broken line shown in FIG. 3C) 
because of the response delay of the light receiving ele- 
ment 2, the output signal of the current-voltage convert- 
ing circuit 3 is able to increase to the set value at the 
time t2 because of the continuation of "1 " for two (2) bits. 
[0037] At this time, the terminal voltage of the 
capacitor C1 of the "1" continuous signal detecting cir- 
cuit 8 exceeds the specified value following time t1 . The 
analog switching circuit 7 is thereby switched on, and, 
as shown as the CURRENT VALUE UPDATE at the 
time t2, the peak value of the output signal of the APC 
amplifier 4 is held by the capacitor C2 of the sample 
hold circuit 6. Accordingly, a drive current roughly equal 
to the drive current supplied to the data input in the pre- 
vious times to and t1 is supplied to the data input at the 



following time t3. 

[0038] When one isolated "1" bit is input at times t3 
and t5, respectively, the output signal of the current-volt- 
age converting circuit 3 does not increase to the set 

5 level indicated by the broken line at times t4 and t6 
because of the slow response characteristics of the light 
receiving element 2. Moreover, the terminal voltage of 
the capacitor C1 of the "1" continuous signal detecting 
circuit 8 does not increase to the specified level, and 

10 thereby the analog switching circuit 7 remains off. 
Accordingly, since the output signal of the APC amplifier 
4 corresponding to the excessive output signal of the 
current-voltage converting circuit 3 is not held, the cur- 
rent value is not updated. 

is [0039] When "1" bits are continuously input, the 
analog switching circuit 7 is switched on by the "1 " con- 
tinuous signal detecting circuit 8, and the output signal 
of the APC amplifier 4 can be held in the sample hold 
circuit 6. In other words, since holding by the sample 

20 hold circuit 6 can be performed at the timing indicated 
as a CURRENT VALUE UPDATE in FIGS. 3A-3D, even 
in the case of an independent bit input during the time t3 
or t5, the drive current of the light emitting element 1 can 
be controlled so as to obtain a normal optical output. 

25 [0040] The case wherein the output signal of the 
current-voltage converting circuit 3 has risen to the ref- 
erence level when a "1 " has continued for two (2) bits or 
longer will now be described below. The continuous 
number of "1" bits to be detected is set in accordance 

30 with the relationship between the speed of the input 
data (DATA) and the response characteristics of the light 
receiving element 2. For example, when "1" has contin- 
ued for three (3) bits or longer, and a light receiving ele- 
ment 2 having response characteristics which increase 

35 to the set value is used, as described above, the "1/ 
continuous signal detecting circuit 8 may operate so that 
the analog switching circuit 7 is switched on when three 
continuous "1 " bits have been detected. 
[0041] FIG. 4 is a block diagram of an optical trans- 

40 mitter in accordance with a second embodiment of the 
present invention. The optical transmitter shown in FIG. 
4 includes a light emitting element 1 1 , such as a semi- 
conductor laser, a light receiving element 12 such as a 
photodiode, a current-voltage converting circuit (IA/) 13, 

45 an APC amplifier 1 4, a drive circuit 1 5, a sample hold cir- 
cuit 16, an analog switching circuit 17, a "1" continuous 
signal detecting circuit 18, and a peak detecting circuit 
1 9 including a capacitor C3 and a diode D8. 
[0042] In accordance with the second embodiment 

so of the present invention, in a manner similar to the 
embodiment shown in FIG. 1, when, for example, at 
least two (2) continuous bits of data (DATA) that are 
input as "1" are detected by the "1" continuous signal 
detecting circuit 18, the analog switching circuit 17 is 

55 switched on, and the output signal of the APC amplifier 
14 is input to the sample hold circuit 16 and held. The 
value held by the sample hold circuit 16 is input to the 
drive circuit 15 as a current control signal to control the 
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drive current supplied to the light emitting element 1 1 in 
accordance with the input data (DATA). The optical out- 
put of the light emitting element 1 1 corresponding to the 
drive current is monitored by the light receiving element 
12. 

[0043] The peak detecting circuit 19 is provided 
between the current-voltage converting circuit 13 and 
the APC amplifier 14. The peak detecting circuit 19 
detects the peak value of the output signal of the cur- 
rent-voltage converting circuit 13 and inputs the 
detected peak value to the APC amplifier 1 4. The output 
signal of the current-voltage converting circuit 13 is tem- 
porarily held by the peak detecting on circuit 19. Tempo- 
rarily holding the output signal of the current-voltage 
converting circuit 13 stabilizes the output signal of the 
APC amplifier 14, which is input via the analog switch- 
ing circuit 17 to the sample hold circuit 16, thereby pre- 
venting an operational error when the current control 
signal that is held in the sample hold circuit 16 is 
updated. 

[0044] FIGS. 5A-5D are diagrams explaining the 
operation of the optical transmitter in accordance with 
the second embodiment of the present invention. More 
specifically, FIG. 5A illustrates the data (DATA) input into 
the drive circuit 1 5; FIG. 5B illustrates the output signal 
of the "1 " continuous signal detecting circuit 18; FIG. 5C 
illustrates the output signal of the peak detecting circuit 
19; and FIG. 5D illustrates the drive current applied from 
the drive circuit 15 to the light emitting element 1 1 . 
[0045] As shown in FIGS. 5A-5D, when two (2) bits 
of input data (DATA) continue as "1 as during times to 
and t1 in FIG. 5A, drive current is supplied to the light 
emitting element 1 1, as shown in FIG. 5D, and the cor- 
responding optical output is detected by the light receiv- 
ing element 12. At this time, the output signal of the 
current-voltage converting circuit 13 gradually increases 
in accordance with the response characteristics of the 
light receiving element 12. Thus, the output signal of the 
peak detecting circuit 19 also gradually increases, as 
shown in FIG. 5C, to the set value indicated by the bro- 
ken line during time t2, for example. 
[0046] Furthermore, as shown in FIG. 5B, when the 
"1" continuous signal detecting circuit 18 detects two (2) 
continuous "1" bits, it outputs a detection signal during 
time t2. The analog switching circuit 1 7 is thus switched 
on, and the output signal of the peak detecting circuit 19 
shown in FIG. 5C at this time is held by the sample hold 
circuit 16. More particularly, during the "on" interval of 
the analog switching circuit 17, which is indicated as a 
CURRENT VALUE UPDATE INTERVAL in FIGS. 5A- 
5D, the current control signal is updated with respect to 
the drive circuit 15. In this case, the peak value of the 
output signal of the current-voltage converting circuit 13 
is held by the peak detecting circuit 19, so that holding 
in the sample hold circuit 16 can be reliably performed. 
[0047] FIG. 6 is a block diagram of an optical trans- 
mitter in accordance with a third embodiment of the 
present invention. The optical transmitter shown in FIG. 



12 

6 includes a light emitting element 21 such as a semi- 
conductor laser, a light receiving element 22 such as a 
photodiode, a current-voltage converting circuit (l/V) 23, 
an APC amplifier 24, a drive circuit 25, a sample hold 
5 circuit 26, an analog switching circuit 27, a "1" continu- 
ous signal detecting circuit 28, and peak detecting cir- 
cuits 29 and 30. 

[0048] In accordance with the third embodiment of 
the invention, the peak detecting circuit 29 operates in 

io the same manner as the peak detecting circuit 1 9 in the 
third embodiment shown in FIG. 4. The peak detection 
circuit 30 detects the peak values of the input data 
(DATA) and uses the detected value thereof as the ref- 
erence value for the APC amplifier 24. By inputting the 

is output signal of the current-voltage converting circuit 23 
and the reference value to the APC amplifier 24 via the 
respective peak detecting circuits 29 and 30, the error 
portion of the peak detecting circuit 29 can be offset, 
and the optical output of the light emitting element 21 

20 can be monitored with better accuracy. 

[0049] FIG. 7 is a block diagram of an optical trans- 
mitter in accordance with a fourth embodiment of the 
present invention. The optical transmitter in accordance 
with the fourth embodiment of the invention includes a 

25 light emitting element 31 such as a semiconductor laser, 
a light receiving element 32 such as a photodiode, a 
current-voltage converting circuit (l/V) 33, an APC 
amplifier 34, a drive circuit 35, a sample hold circuit 36 
which includes an analog switch circuit, aT continuous 

30 signal detecting circuit 38, a peak detecting circuit 39, 
and a delay circuit 40. 

[0050] The fourth embodiment of the present inven- 
tion is similar to the third embodiment of the invention 
shown in FIG. 4 and further includes the delay circuit 40 

35 between the "1 " continuous signal detecting circuit 38 
and the analog witch circuit 36. The delay circuit 40 is 
also applicable to the embodiments of the invention 
shown in FIG. 1 and FIG. 6. The delay circuit 40 may, for 
example, be a delay circuit as shown in FIG. 8. How- 

40 ever, various other types of delay circuits may be used. 
[0051] As shown in FIG. 8, the delay circuit 40 is 
preferably a shift register including a plurality of flip-flops 
41-1 through 41 -n which are vertically connected, with a 
clock signal CLK input to the respective clock terminals 

45 C of each flip-flop 41-1 through 41 -n, and a detection 
signal from the "1 " continuous signal detecting circuit 38 
input to the data terminal D of the initial flip-flop 41-1. 
The delay time of the shift register delay circuit 40 can 
be selected in accordance with the speed of the clock 

so signal CLK and the number of connections of the flip- 
flops 41-1 though 41 -n. 

[0052] As shown in FIG. 7, the output signal of the 
current-voltage converting circuit 33 is input to the peak 
detecting circuit 39 and its peak value is detected. How- 
55 ever, as shown in FIG. 5C, there is a deviation in the 
time until the set value indicated by the broken line is 
reached, and there is also deviation in the timing at 
which two (2) continuous "1" bits are detected in the 
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case of the embodiment shown in FIG. 2. 

[0053] Therefore, the T continuous detection sig- 
nal is delayed by the delay circuit 40 until the output sig- 
nal of the current-voltage converting circuit 33 
corresponding to the optical output by the light emitting 5 
element 31 is obtained. When the output signal of the 
peak detecting circuit 39 has been stabilized, the output 
signal of the APC amplifier 34 is held in the sample hold 
circuit 36 and is used as a current control signal that is 
input to the drive circuit 35. The operation of the other 10 
elements shown in FIG. 7 is similar to the operation of 
like elements in the embodiments described above, and 
an explanation of these like elements will not be 
repeated here. 

[0054] FIG. 9 is a block diagram of an optical trans- is 
mitter in accordance with a fifth embodiment of the 
present invention. As shown in FIG. 9, the optical trans- 
mitter includes a light emitting element 51 such as a 
semiconductor laser, a light receiving element 52 such 
as a photodiode, a current-voltage converting circuit 20 
(l/V) 53, an APC amplifier 54, a drive circuit 55, a digital 
hold circuit 56, an up/down counter (U/D) 57, a "1 " con- 
tinuous signal detecting circuit 58, a peak detecting cir- 
cuit 59, and a digital-to-analog (D/A) converter 60. 
[0055] In accordance with the fifth embodiment of 25 
the present invention, the digital hold circuit 56, which 
corresponds to the sample hold circuit in the above- 
described embodiments, comprises the up/down coun- 
ter 57 and the D/A converter 58. As shown in FIG. 9, the 
detection signal from the "1" continuous signal detecting 30 
circuit 58 is used as an enable signal of the up/down 
counter 57. An up-count or a down-count is performed 
in correspondence to the output signal of the APC 
amplifier 54 when, for example, two (2) continuous "1" 
bits are detected in the input data (DATA). 35 
[0056] For example, when the output signal of the 
peak detecting circuit 59 is higher than the reference 
value during detection of two (2) continuous "1" bits, the 
output signal of the APC amplifier 54 causes the 
up/down counter 57 to count down, while the up/down 40 
counter 57 counts up in accordance with the output sig- 
nal of the APC amplifier 54 when the output signal of the 
peak detecting circuit 59 is lower than the reference 
value. In other words, the up/down counter 57 counts 
down when the optical output of the light emitting ele- 45 
ment 51 exceeds a set value, and counts up when the 
optical output of the light emitting element 51 is lower 
than the set value. 

[0057] Accordingly, since the current control signal 
that is obtained by converting the count content of the so 
up/down counter 56 into an analog signal by the D/A 
converter 60 is added to the gate of the transistor Q7 of 
the drive circuit 5 shown in FIG. 2, the optical output of 
the light emitting element 51 can be controlled to be a 
set value. 55 
[0058] . FIG. 10 is a diagram explaining the T con- 
tinuous signal detecting circuit in accordance with 
embodiments of the present invention. As shown in FIG. 



10, the T continuous signal detecting circuit is a shift 
register is comprising of a plurality of vertically con- 
nected flip-flops 61-1 through 61 -n. A clock signal CLK 
is input to respective clock terminals C of the flip-flops 
61-1 through 61 -n, input data (DATA) is input into a data 
terminal D of the initial flip-flop 61 -1 , and the output sig- 
nal Q of each respective flip-flop 61-1 through 61 -n is 
input into an AND circuit 62. 

[0059] When, for example, the clock signal CLK is 
synchronized with the bit of the input data (DATA), and 
two (2) continuous "1" bits are detected, the two flip- 
flops 61-1 and 61-2 are used in the "1" continuous bit 
detecting circuit, since the output terminals Q of the flip- 
flops 61 -1 and 61-2 are both "1" because of the two con- 
tinuous "1" bits, the output of the AND circuit 62 
becomes "1 ." In other words, in the case of two (2) or 
more continuous "1" bits, continuous "1" detection sig- 
nals are obtained. When a "0" bit is input, the output sig- 
nal of the AND circuit 62 becomes "0." 
[0060] Counting up or counting down by the 
up/down counter 57 is performed using the detection 
signal of the "1" continuous bit detecting circuit as the 
enable signal of the up/down counter 57. Furthermore, 
when three (3) or more continuous "1 " bits are detected, 
three or more vertically connected flip-flops can be 
used. Of course, the "1" continuous signal detecting cir- 
cuit shown in FIG. 10 can also be used as the "1" con- 
tinuous signal detecting circuits 8. 18, 28, and 38 in the 
embodiments described above. 
[0061] FIG. 11 is a block diagram of an optical 
transmitter in accordance with a sixth embodiment of 
the present invention. As shown in FIG. 1 1 , the optical 
transmitter includes a light emitting element 71 such as 
a semiconductor laser, a light receiving element 72 such 
as a photodiode, a current-voltage converting circuit 
(l/V) 73, a comparator 74 to detect light deterioration, a 
drive circuit 75, a flip-flop 76, and a "1 " continuous sig- 
nal detecting circuit 78. 

[0062] The optical output of the light emitting ele- 
ment 71 is monitored by the light receiving element 72, 
and, when the optical output does not reach the desired 
optical output even when the drive current from the drive 
circuit 75 is controlled, it is judged that deterioration of 
the light emitting element 71 has occurred. In this case, 
when an inexpensive photodiode having response char- 
acteristics that are unable to follow the optical output of 
the light emitting element 71 is used as the light receiv- 
ing element 72, even if the optical output corresponding 
to one isolated "1" bit in the input data (DATA) is moni- 
tored, the output signal of the current-voltage converting 
circuit 73 does not rise to the specified value, as 
described with reference to FIG. 3 and FIG. 5. There- 
fore, there is a possibility that the light emitting element 
71 will be judged to have deteriorated. 
[0063] However, in accordance with embodiments 
of the present invention, when a continuous "1 " in the 
input data (DATA) is detected by the "1" continuous sig- 
nal detecting circuit 78, it is determined whether or not 
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the light emitting element 71 has deteriorated. More 
particularly, the output signal of the current-vortage con- 
verting circuit 73, which converts the output current of 
the light receiving element 72 to voltage, and the refer- 
ence value Vr input to the light deterioration detecting 
comparator 74, are compared. A comparison output sig- 
nal of "0" is input into the data terminal D of the flip-flop 
76 when the output value of the current-voltage convert- 
ing circuit 73 exceeds the reference value Vr, and a "1" 
is input to the data terminal D of the flip-flop 76 when the 
output value of the current-voltage converting circuit 73 
is lower than the reference value Vr. The detection sig- 
nal of the "1 N continuous signal detecting circuit 78 is 
input to the clock terminal C of the flip-flop 76. 

[0064] Thus, when the light emitting element 71 is 
in a normal status, the output signal of the current-volt- 
age converting circuit 73 does not rise to the specified 
level in the case where the input data (DATA) is an inde- 
pendent "1" bit. Further, even if a "1" signal indicating 
deterioration is output from the light deterioration 
detecting comparator 74, because the flip-flop 76 is not 
set, an optical output deterioration signal is not pro- 
duced. However, in the case of continuous T bits, that 
is, when the "1" continuous signal detecting circuit 78 
detects two (2) continuous T bits in the input data 
(DATA), to judge that deterioration has occurred with 
two (2) continuous bits, if the output signal of the cur- 
rent-voltage converting circuit 73 does not reach the set 
value when there are two (2) continuous "1" bits are 
detected, the flip-flop 76 is set, an optical output deteri- 
oration signal is transmitted, and a deterioration alarm 
of the light emitting element 71 is activated. 
[0065] In the embodiments described above, the 
drive circuit 75 may be any of various types of drive cir- 
cuits. Further, when the response characteristics of the 
light receiving element 72 are relatively slow, the "1" 
continuous signal detecting circuit 78 can be designed 
to operate to determine whether or not there is deterio- 
ration of the light emitting element 71 when three contin- 
uous " 1 " bits are detected . 

[0066] FIG. 12 is a block diagram of an optical 
transmitter in accordance with a seventh embodiment of 
the present invention. As shown in FIG. 12, the optical 
transmitter includes a light emitting element 81 such as 
a semiconductor laser, a light receiving element 82 such 
as a photodiode, a current-voltage converting circuit 
(l/V) 83, a comparator to detect optical deterioration 84, 
a drive circuit 85, a sample hold circuit 86, a T contin- 
uous signal detecting circuit 88, peak detecting circuits 
89 and 90, a comparator 91 to detect optical deteriora- 
tion, and a flip-flop 92. 

[0067] In accordance with the seventh embodiment 
of the present invention, the peak detecting circuit 90, 
the comparator 91 to detect optical deterioration, and 
the flip-flop 92 are provided in addition to the elements 
shown in the embodiment of FIG. 4, allowing the deteri- 
oration of the light emitting element 81 to be detected 
thereby. Furthermore, the monitoring of the optical out- 



put of the light emitting element 81 by the light receiving 
element 82, and the controlling of the drive circuit 85 in 
accordance with a current control signal so that the opti- 
cal output remains constant, are performed in a manner 
5 similar to the embodiments shown in FIG. 1, FIG. 4, 
FIG. 6, and FIG. 7, and an explanation of these ele- 
ments and their associated functions will not be 
repeated here. 

[0068] In order to detect deterioration of the optical 

10 output generated by the light emitting element 81, the 
peak value of the output signal of the current-voltage 
converting circuit 83 is detected by the peak detecting 
circuit 90 and is compared with a reference value Vr by 
the optical deterioration detecting comparator 91 in a 

15 stabilized state. When the peak value is less than the 
reference value Vr, a "1" indicating deterioration of the 
light emitting element 81 is output, and otherwise a "0" 
is output When a continuous T is not detected in the 
input data (DATA) by the "1 " continuous signal detecting 

20 circuit 88, deterioration evaluation is not performed. 
However, when a continuous "1" is detected by the "1" 
continuous signal detecting circuit 88, the detected sig- 
nal is input to the clock terminal C of the flip-flop 92. 
Accordingly, when the output signal of the for light dete- 

25 rioration detecting comparator 91 that is input into the 
data terminal D of the flip-flop 92 is T the flip-flop 92 is 
set, and the optical output deterioration signal of T is 
output from the output terminal Q. 
[0069] The present invention is not limited to the 

30 embodiments described above, and various additions 
and alterations, as well as various combinations of the 
embodiments are possible. For example, embodiments 
of the present invention may operate such that the out- 
put signal of the current-voltage converting circuit is 

35 converted into a digital signal which undergoes digital 
processing. 

[0070] As described above, in accordance with 
embodiments of the present invention, by providing a 
"1" continuous signal detecting circuit to detect continu- 

40 ous "1 " bits in the input data (DATA), a conventional pho- 
todiode having a comparatively large capacity can be 
used as the light receiving element to monitor the light 
emitting element, such as a semiconductor laser or light 
emitting diode. More specifically, by using the detection 

45 of continuous "1" bits from the "1" continuous signal 
detection circuit, an update timing of the current control 
signal or a deterioration evaluation timing of the light 
emitting element can be performed. Accordingly, the 
advantage of cost reduction in the light transferring cir- 

so cuit can be achieved. 

[0071] Although a few preferred embodiments of 
the present invention have been shown and described, 
it will be appreciated by those skilled in the art that 
changes may be made in these embodiments without 

55 departing from the principles and spirit of the invention, 
the scope of which is defined in the claims and their 
equivalents. 
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Claims . 

1 . An optical transmitter circuit, comprising: 

a light emitting element to convert input data s 
into an optical output; 

a light receiving element to receive the optical 
output of the light emitting element and to out- 
put a current corresponding to the optical out- 10 
put; 5. 

a current-voltage converting circuit to convert 
the output current of the light receiving element 
into a voltage and to output a voltage signal; 75 

an amplifier to compare the output voltage sig- 
nal of the current-voltage converting circuit and 
a reference signal and to output a differential 
output signal; 20 

* 

a hold circuit to hold the output signal of the 
amplifier and to form a current control signal; 

a drive circuit to receive the current control sig- 25 
nal from the hold circuit and to supply drive cur- 6. 
rent to the light emitting element in accordance 
with the current control signal; and 

a T continuous signal detecting circuit to 30 
detect a specified number of continuous "i" 
bits in the input data and to perform an updat- 
ing operation on the output signal of the ampli- 7. 
f ier held in the hold circuit. 

35 

2. An optical transmitter circuit as recited in claim 1 , 
wherein the hold circuit comprises: 

an analog switching circuit to receive the output 
signal of the amplifier and a detection signal of 40 
the "1 " continuous signal detecting circuit, and 
to switch on in response to the "1" continuous 
signal detecting circuit detecting the specified 
number of continuous "1" bits; and 

45 

. a peak detecting circuit to detect and hold a 
peak value of the output signal of the amplifier 
that is input via the analog switching circuit. 

3. An optical transmitter circuit as recited in claim 1, 50 
further comprising a peak detecting circuit to detect 

a peak value of the output signal of the current-volt- 
age converting circuit and to input the peak value to 
the amplifier. 

55 

4. An optical transmitter circuit as recited in claim 1 , 
further comprising: 



a first peak detecting circuit to detect a peak 
value of the output signal of the current-voltage 
converting circuit and to output the peak value 
to the amplifier; and 

a second peak detecting circuit to detect a 
peak value of the input data and to output the 
peak value of the input data to the amplifier as 
a reference value. 

An optical transmitter circuit as recited in claim 1 , 
wherein the hold circuit comprises: 

> 

an up/down counter to count up or down corre- 
sponding to an output signal of the amplifier, in 
response to the "1 " continuous signal detecting 
circuit detecting the specified number of contin- 
uous "1 " bits; and 

a D/A converter to convert the contents of the 
count of the up/down counter to an analog sig- 
nal and to input the contents of the count of the 
up/down counter to the drive circuit as an ana- 
log current control signal. 

An optical transmitter circuit as recited in claim 5, 
wherein the up/down counter counts down in 
response to the output of the light emitting element 
exceeding a set value and counts up in response to 
the output of the light emitting element being lower 
than the set value. 

An optical transmitter circuit, comprising: 

a light emitting element to convert input data 
into an optica) output; 

a light receiving element to receive the optical 
output of the light emitting element and to out- 
put a current corresponding to the optical out- 
put; 

a current-voltage converting circuit to convert 
the output current of the light receiving element 
into a voltage; 

a light deterioration detecting comparator to 
detect deterioration in the light receiving ele- 
ment by comparing the output signal of the cur- 
rent-voltage converting circuit with a reference 
value and to output a deterioration detection 
signal; 

a T continuous signal detecting circuit to 
detect a specified number of continuous "1" 
bits in the input data and to output a detection 
signal; and 
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a flip-flop to hold the deterioration detection 
signal from the light deterioration detection 
comparator in accordance with the detection 
signal from the "1 " continuous signal detecting 
circuit. 5 

8. An optical transmitter circuit as recited in claim 7, 
further comprising: 

an amplifier to receive the output voltage of the 10 
current-voltage converting circuit; 

a drive circuit to drive the light emitting ele- 
ment; and 

15 

a hold circuit to hold the output signal of the 
amplifier in accordance with the detection sig- 
nal from the "1 " continuous signal detecting cir- 
cuit and to input a current control signal to the 
drive circuit of the light emitting element. 20 

9. An optical transmitter circuit as recited in claim 8, 
further comprising a delay circuit to delay the detec- 
tion signal from the T continuous signal detecting 
circuit and to input the delayed detection signal to 25 
the hold circuit and flip-flop. 

10. An optical transmitter including a light emitting ele- 
ment to convert input data to an optical output, 
comprising: 30 



11. An optical transmitter including a light emitting ele- 40 
ment to convert input data to an optical output, 
comprising: 

a current generator to generate a drive current 



12. An optical transmitter as recited in claim 11, 
wherein the predetermined number of "1 " bits is set ss 
in accordance with a relationship between a speed 
of the input data and a response characteristic of 
the light emitting element. 



20 

13. An optical transmitter as recited in claim 11, 
wherein the predetermined number of continuous 
T bits is two. 

14. An optical transmitter as recited in claim 11, 
wherein the current generator comprises: 

a light receiving element to receive the optical 
output of the light emitting element and to out- 
put a current corresponding to the optical out- 
put; 

a current-voltage converting circuit to convert 
the output current of the light receiving element 
into a voltage and to output a voltage signal; 

a drive circuit to supply drive current to the light 
emitting element; 

a current control signal generator to receive the 
voltage signal output by the current-voltage 
converting circuit and the control signal output 
by the continuous signal detecting circuit and to 
generate a current control signal to control the 
drive current supplied to the light emitting ele- 
ment by the drive circuit. 

15. An optical transmitter as recited in claim 14, 
wherein the current control signal generator 
includes a switching circuit, and the control signal 
output by the continuous signal detecting circuit 
controls switching of the switching circuit to update 
the current control signal. 

16. An optical transmitter as recited in claim 14, 
wherein the current control signal generator 
includes an up/down counter to count up or down in 
response to the control signal generated by the 
continuous signal detecting circuit, wherein a count 
of the up/down counter controls the drive current. 

17. An optical transmitter as recited in claim 15, 
wherein the current control signal generator further 
comprises a delay circuit between the continuous 
signal detecting circuit and the switching circuit to 
the control signal from the continuous signal detect- 
ing circuit. 

18. An optical transmitter as recited in claim 15, 
wherein the current controller comprises: 

a comparator to compare the output voltage 
signal of the current-voltage converting circuit 
and a reference signal and to output a differ- 
ence signal; and 

a sample and hold circuit to receive the differ- 
ence signal output by the comparator in 
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a current controller to detect a predetermined 
number of continuous bits of the same type in 
the input data, to generate a detection signal in 
response to detecting the predetermined 35 
number of bits, and to generate a drive current 
supplied to the light emitting element in accord- 
ance with the detection signal. 



to drive the light emitting element; 45 

a continuous signal detecting circuit to detect a 
predetermined number of continuous T bits in 
the input data and to output a control signal to 
the current generator to control the drive cur- so 
rent in response to detecting the predeter- 
mined number of T bits. 
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response to the switching circuit being 
switched on, to hold the difference signal out- 
put by the comparator, and to input the held dif- 
ference signal to the drive circuit as the current 



19. An optical transmitter, comprising: 

a light emitting element to convert input data 



a light deterioration detector to detect deterio- 
ration in the light receiving element; and 

a continuous signal detector to detect a prede- 15 
termined number of continuous T bits in the 
input data and to output a detection signal indi- 
cating that the predetermined number of con- 
tinuous "1 " bits have been detected, 

wherein the light deterioration detector 20 
outputs a signal indicating whether deteriora- 
tion has occurred in response to the detection 
signal. 



control signal. 



5 



into an optical output; 



10 



25 



30 



35 



40 



45 



50 



55 



12 

5/30/2007, EAST Version: 2.1.0.14 



EP 1 039 665 A2 




5/30/2007, EAST Version: 2.1.0.14 



EP 1 039 665 A2 




14 

» 

5/30/2007, EAST Version: 2.1.0.14 



EP 1 039 665 A2 




15 



5/30/2007, EAST Version: 2.1.0.14 



/ 



EP 1 039 665 A2 






16 



5/30/2007, EAST Version: 2.1.0.14 



FIG. 5A 



to 



EP 1 039 665 A2 



t1 



t2 



t3 




CURRENT VALUE 
UPDATE INTERVAL 



t4 



FIG. 5B 



to 



ti 



t2 



t3 



t4 



FIG. 5C 



FIG. 5D 



to 



to 



CURRENT VALUE 
UPDATE INTERVAL 



t1 



t2 



t3 




CURRENT VALUE 
UPDATE INTERVAL 



t1 



t2 



t3 



CURRENT VALUE 
UPDATE INTERVAL 



t4 



t4 




17 



5/30/2007, EAST Version: 2.1.0.14 



EP 1 039 665 A2 




18 



5/30/2007, EAST Version: 2.1.0.14 



EP 1 039 665 A2 




5/30/2007, EAST Version: 2.1.0 



EP 1 039 665 A2 




g 




CD 




CO 


0 
a* 


CO 


0 


om 


O 

55 




O 






o 
o 





00 
CD 




20 



5/30/2007, EAST Version: 2.1.0.14 



EP 1 039 665 A2 




21 



5/30/2007, EAST Version: 2.1,0.14 



EP 1 039 665 A2 





22 



5/30/2007, EAST Version: 2.1.0.14 



EP 1 039 665 A2 




CD 




23 

» 

5/30/2007, EAST Version: 2.1.0.14 




24 



5/30/2007, EAST Version: 2.1.0.14 

♦ 



EP 1 039 665 A2 




25 

5/30/2007, EAST Version: 2.1.0.14 



EP 1 039 665 A2 




26 

m » 

5/30/2007, EAST Version: 2.1.0.14 



EP 1 039 665 A2 




27 

5/30/2007, EAST Version: 2.1.0.14 



